Background Implant failure after symphyseal disruption and plating reportedly occurs in 0% to 21% of patients but the actual occurrence may be much more frequent and the characteristics of this failure have not been well described. Questions/purposes We therefore determined the incidence and characterized radiographic implant failures in patients undergoing symphyseal plating after disruption of the pubic symphysis. Methods We retrospectively reviewed 165 adult patients with Orthopaedic Trauma Association (OTA) 61-B (Tile B) or OTA 61-C (Tile C) pelvic injuries treated with symphyseal plating at two regional Level I and one Level II C. Collinge (&) 
trauma centers. Immediate postoperative and latest followup anteroposterior radiographs were reviewed for implant loosening or breakage and for recurrent diastasis of the pubic symphysis. The minimum followup was 6 months (average, 12.2 months; range, 6-65 months). Results Failure of fixation, including screw loosening or breakage of the symphyseal fixation, occurred in 95 of the 127 patients (75%), which resulted in widening of the pubic symphyseal space in 84 of those cases (88%) when compared with the immediate postoperative radiograph. The mean width of the pubic space measured 4.9 mm (range, 2-10 mm) on immediate postoperative radiographs; however, on the last radiographs, the mean was 8.4 mm (range, 3-21 mm), representing a 71% increase. In seven patients (6%), the symphysis widened 10 mm or more; however, only one of these patients required revision surgery. Conclusions Failure of fixation with recurrent widening of the pubic space can be expected after plating of the pubic symphysis for traumatic diastasis. Although widening may represent a benign condition as motion is restored to the pubic symphysis, patients should be counseled regarding a high risk of radiographic failure but a small likelihood of revision surgery. Level of Evidence Level IV, case series. See Guidelines for Authors for a complete description of levels of evidence.
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Introduction
Plate fixation maintains reduction of the disrupted pubic symphysis while the pelvic ligaments heal. This static immobilization may restrict the normal motion of the pubic symphysis, the clinical consequences of which are unknown. Nonetheless, some authors have advocated symphyseal plate removal [3, 10] . However, the restoration of motion to other joints (eg, the syndesmosis and the tarsometatarsal [Lisfranc's] joint of the foot) after immobilization with orthopaedic implants has been correlated to improved pain, ROM, and validated scores such as the SF-36 [4, 5] . In addition, pelvic hardware has been implicated as a source of pain and several authors have reported a decrease in pain after implant removal [10] .
Previous reports have described the rate of fixation failure of the pubic symphysis as ranging between 0% and 21% of cases depending on the method of fixation and the injury pattern [11, 14] . However, failure of fixation was not the focus of these reports. For example, Tornetta et al. [14] found that 21% of rotationally unstable pelvic fractures treated with symphyseal plating had changes on their most recent radiograph compared with postoperative views. Four of their 23 patients had plate breakage with three experiencing recurrent widening of the symphyseal space to 7, 9, and 10 mm. Additionally, the authors noted loss of reduction rarely required revision surgery and was believed to be clinically unimportant. More recently, two small series have briefly discussed symphyseal implant failure after pelvic injury and repair. Similar failure rates were reported by Van Loon et al. [17] who found that 19% of 31 patients with rotationally unstable pelvic ring injuries had asymptomatic loosening of the symphyseal implant. In contrast to previous studies, Collinge et al. [1] reported a much higher occurrence of loosening or breakage of symphyseal hardware. In 20 patients with a saddlehorn pelvic injury (after being bucked from a horse), loosening or breakage of symphyseal hardware was observed in 18 patients (90%) with widening of the pubic space ranging from 1 to 5 mm [1] .
Given the disparities reported in the literature regarding symphyseal fixation failure, we therefore determined the incidence and characterized implant failures in a large series of patients undergoing symphyseal plating after disruption of the pubic symphysis. Specifically, we sought to investigate the radiographic changes occurring at the symphyseal repair and in bony alignment at the pubic symphysis.
Materials and Methods
We retrospectively reviewed all 165 patients treated at two regional Level I and one Level II trauma centers with plate fixation for acute disruption of the pubic symphysis between August 2002 and July 2006. We excluded 38 patients for followup less than 6 months, three of whom were known to have died. This left 127 (77%) patients for inclusion in the study ( Table 1 ). The minimum followup was 6 months (average, 12.2 months; range, 6-65 months). No patients were recalled specifically for this study; all data were obtained from prospectively collected trauma databases, medical records, and radiographs. We had prior Institutional Review Board approval for this retrospective study.
At the time of injury all patients were evaluated and treated according to Advanced Trauma Life support protocols. This was followed by standardized imaging of the pelvis, including AP, inlet, and outlet plain radiographs and CT. Injury radiographs (AP, inlet, and outlet) were classified by the Tile [13] and the Orthopaedic Trauma Association [18] classifications.
All surgery was performed by one of three surgeons (CC, MTA, BRM). Surgery consisted of either anterior symphyseal plating alone or in combination with posterior fixation when required. Surgery was standardized for all patients with symphyseal disruption and achieved by open reduction and symphyseal plating using a Pfannenstiel approach. Reduction was typically achieved using a pointed reduction clamp carefully applied to the pubic tubercles. Surgical dissection on the anterior aspect of the pubis was avoided. Plating was performed using a four-or six-hole plate and 3.5-mm screws (Matta Pelvic System 1 ; Stryker, Mahwah, NJ, USA, or Synthes' Reconstruction 1 , Paoli, PA, USA). This is similar to a contoured stainless steel 3.5-mm reconstruction plate that is reinforced at the middle symphyseal portion with additional material to avoid failure there. This plate accepts 3.5-mm and 4.5-mm screws, although all three reporting surgeons in this study have preferentially used the former unless a screw has stripped requiring revision to a larger screw. No locking screws were used. Seventy-one patients (56%) were treated with posterior fixation applied at the discretion of the surgeon typically based on the injury pattern and the perceived amount of pelvic instability. In 56 of 80 patients, rotationally unstable (B-type) fractures were treated without posterior fixation, whereas all 47 vertically unstable (C-type) injuries were treated with posterior stabilization (iliosacral screws). Postoperatively, patients were mobilized with physical therapy on the first postoperative day if awake, alert, and they had no other conditions restricting mobility. Patients with multiple injuries were mobilized as soon as was reasonable in the context of their associated trauma. Weightbearing was protected with either toe-touch or nonweightbearing on the side of the posterior injury (at the treating surgeon's discretion) for a period of 10 to 12 weeks. Patients were allowed to progressively return to full activities after they were fully ambulatory and in relative comfort.
The end point for followup was a clinically healed injury (defined as low pain level and static radiographic findings on sequential followup radiographs [ 6 weeks apart at 6 months postinjury), malunion, failure of fixation, or reoperation on the anterior ring. Followup was typically at 4-to 6-week intervals after the perioperative period until discharged from care and included clinical and radiographic assessment (AP pelvis, inlet, and outlet views). From our trauma databases and medical records we extracted patient and injury factors (age, sex, mechanism of injury, other injuries, facture classification, method of treatment, length of followup), treatment methods (fixation pattern), and complications. Major (resulted in death or required surgical or other treatment under anesthesia [Clavien-Dindo III-V]) and minor complications (any deviation from the normal postoperative course without surgical, endoscopic, and radiological interventions [Clavien-Dindo I, II]) were identified [2] .
The three treating surgeons (CC, MTA, BRM) independently evaluated radiographs for the following features. We evaluated the last followup AP radiographs for subjective radiographic loss of fixation: screws were considered loosened if there was any interval backout, separation between screw heads and plate, or a distinct radiographic halo (lysis) was noted around the screw threads. Any of these changes on followup radiographs from the immediate postoperative films were noted. We also recorded the occurrence of broken screws or plates. We measured the pubic symphyseal space (defined as the distance between the medial-most aspect of the pubic bone on either side) on injury, postoperative, and last followup AP radiographs [1] . Measurements of the pubic space were standardized in the following manner using electronic radiographic images. On a magnified image of the injury AP pelvis radiograph, we drew a vertical line from the center of the femoral head through the left hip. The distance was measured along this line across the hip from osteochondral line to osteochondral line; we assumed this distance would not change between pre-and postoperative AP pelvis radiographs. On a magnified postoperative AP pelvis radiograph, we used the width of a 3.5-mm screw as a constant from which to measure the symphyseal distance on followup radiographs and to determine radiographic distances across the hip. The latter was then used to estimate the width of the symphyseal space on the preoperative radiographs. All end point data were available for all patients.
The data for continuous variables were presented as means and ranges, whereas for categorical variables, the data were presented as counts and percentages. Differences in proportions such as the presence of failed fixation were compared with Fisher's exact test. Continuous variables were analyzed using the Student's t-test for data with two levels of the nominal variable and analysis of variance when there were three or more levels for that variable.
Results
Radiographic changes at the anterior pelvis after symphyseal plating for pubic symphysis disruption were numerous ( Table 2 ). Ninety-five of the 126 patients included for study (75%) had radiographic failure of fixation in the form of screw loosening and/or breakage of their symphyseal fixation by last followup (case example, Figs. 1-3) . Sixtyseven patients (71%) had only loose screws, five (5%) had only screws breakage, 16 (17%) had some screws loosen and others that broke, and seven (7%) had a broken plate. Patients with B types had anterior failure at a rate of 74%, whereas in those with C-type injuries, the hardware appeared to fail in 77% (p = 0.19).
The mean pubic symphyseal space was greater (p \ 0.001) on the last followup films than on the immediate postoperative radiographs: 8.5 mm (range, 2-24 mm; 95% confidence interval for mean, 7.6-9.3) versus 4.9 mm (range, 2-10 mm; 95% confidence interval for mean, 4.7-5.5), respectively; the mean increase in pubic symphyseal width was 3.4 mm (range, 0-14 mm; 95% confidence interval for mean, 2.7-4.2). Eighty-four of the 95 patients (93%) who had radiographic loosening or breakage of their symphyseal hardware also had widening of their pubic symphyseal space between the immediate postoperative radiographs and those at last followup. Patients without radiographic failure of symphyseal fixation had less widening (p \ 0.001) of the pubic symphyseal space than those in whom the hardware had failed (loosened or broken): an average of 1.2 mm (range, 0-4 mm) versus 4.4 mm (range, 0-20 mm), respectively. Patients with fixation failure had a mean widening of the pubic symphyseal space of 3.5 mm, representing a 71% increase in the symphyseal space at an average 10.5 months.
Complications relating to symphysis injury and repair included reoperation on one patient after failure of fixation with recurrent widening of the pubic symphysis to 20 mm. One patient had an acute postoperative wound infection and one an early wound dehiscence, both treated with surgical irrigation and débridement, retention of implants, and secondary wound closure. The patient with infection was treated with 6 weeks of intravenous antibiotics. Both patients' wounds healed with no further problems. Two patients had implants electively removed. One was a young woman who desired plate removal with the rationale that it might avert potential problems with childbirth, and the other was a man who had a single, loose symptomatic screw and an additional screw that had backed out several centimeters.
Discussion
Plate fixation maintains reduction of the disrupted pubic symphysis while the pelvic ligaments heal. This static immobilization may restrict the normal motion of the pubic symphysis, the clinical consequences of which are unknown. Nonetheless, some authors have advocated symphyseal plate removal [3, 10] . However, the restoration of motion to other joints after immobilization with orthopaedic implants (eg, the syndesmosis and the tarsometatarsal [Lisfranc's] joint of the foot) has been noted to improve joint motion and pain [4, 5] . In addition, pelvic hardware has been implicated as a source of pain, and some authors have reported improvement in symptoms after implant removal [10] . Previous reports have described the rate of fixation failure of the pubic symphysis as ranging between 0% and 21% of cases, depending on the method of fixation and the injury pattern [1, 11, 14, 17] . Failure of fixation, however, was not the focus of this report, and patients in this study with fixation failure had notable recurrent widening of the symphyseal space. However, patients with the observed symphyseal widening rarely required or underwent revision pelvic fixation because it was believed to be clinically unimportant [14] . In a report describing the outcomes of 20 patients with a saddlehorn pelvic injury after being bucked from a horse, a much higher rate of symphyseal hardware loosening or breakage was reported. In this study, 18 patients (90%) were noted to have radiographic hardware loosening or failure with widening of the pubic space ranging from 1 to 5 mm [1] . Despite this very high rate of radiographic failure, most patients returned to their previous level of activities with similar pain scores to others in the cohort [16] . We therefore determined the incidence and characterized radiographic implant failures in patients undergoing symphyseal plating after disruption of the pubic symphysis.
We recognize limitations to our study. First, this is a radiographic study that includes no clinical correlations or outcomes evaluation. This is, however, important new information regarding the high rate and characteristic pattern of radiographic implant failure after symphyseal plating. Further study regarding the clinical implications of these findings is warranted. Second, the required followup was relatively short at only 6 months. Although this is short in terms of clinical studies, the true incidence of fixation failure and pubic symphyseal widening after anterior plating is most likely underestimated by this study. Third, we had a loss to followup of 24% of patients, which is substantial but compares well with other large series of trauma patients. Fourth, although variations in treatment might have occurred, the operative strategies for the treating surgeons are nearly identical.
We found a high incidence of fixation failure (74%), typically resulting in recurrent widening after plating of a pubic symphyseal disruption. Earlier studies reported failure rates of 0% to 21% after symphyseal plating using similar techniques [14, 17] . These studies have concentrated on factors other than the symphyseal plating, including posterior alignment and fixation, or have had very small patient numbers and have inadequately defined what constitutes fixation failure or malunion. Tornetta et al. [14] noted that four of 27 patients treated operatively for rotationally unstable pelvic fractures broke a 3.5-mm six-hole reconstruction plate and three patients had widening of the pubic space to 7, 9, and 10 mm at an average 39-month followup. Sagi and Papp [11] found that four of 16 patients with rotationally unstable pelvic fractures treated with open reduction and plating using a multihole plate had a failure of fixation and loss of reduction of 5 mm or more. More recently, two small series have briefly discussed symphyseal implant failure and reported clinical outcomes. Van Loon et al. [17] reported on the management and outcomes of 31 rotationally unstable (B1.1) pelvic ring injuries, finding that 19% of patients had asymptomatic loosening of the symphyseal implant and that all of these patients had a very good outcome by pelvic-specific outcome and pain scores. They described loosening or breakage of symphyseal hardware in 18 patients with widening of the pubic space ranging an average of 3.2 mm. Collinge et al. [1] reported the outcomes of 20 patients with a saddlehorn pelvic injury after being bucked from a horse. Finally, if one ignores the radiographic loosening seen in our studies [1] , the overall rate of loss of fixation is much closer to the previous literature.
We found patients with fixation failure had a mean widening of the pubic symphyseal space of 3.5 mm, representing a 71% increase in the symphyseal space at an average 10.5 months. There were seven patients with widening of 10 mm or greater on last followup radiographs, although only one (1%) required revision surgery. These results appear similar to previous published series [1, 6, 8, 9, 15, 16] and are indicative of the radiographic natural history of plate fixation of pubic symphyseal disruption. No consensus has been reached as to what amount of malalignment is acceptable after pelvic ring disruption with or without surgical treatment. The natural history of unstable pelvic fractures treated nonoperatively has demonstrated a high incidence of residual disability, pain, pelvic obliquity, and gait disturbances, although patients with anterior ring injuries have fared better than those with more complex patterns [7, 9, 12] .
Failure of symphyseal fixation in many cases may simply represent relaxation of the implants as physiological motion is restored to the articulations of the pelvis. However, its clinical relevance remains undefined. To date, there are no data concerning the natural history of pelvic After standard open reduction and internal fixation using a symphyseal plate (B), the pubic space is measured at 4.5 mm. At last 26-month followup, the AP radiograph (C) demonstrates a loss fixation by means of separation of the screw heads and the plate (seen best at arrows) and widening of the pubic space to 7.6 mm. motion after pelvic ring injury and repair or correlating clinical outcomes with this residual pelvic motion. Therefore, patients should be counseled regarding the possibility of radiographic anterior pelvic plate fixation failure.
